NTW OEVIDENCE FOR LONC-LIVED SOLAR STRIAMS IN ’KTLlPL'Y"”ARY SPACE

I. A. BEryant T. L. Cline, U, 2, Desai and T, 3. Peionald

Goddard Space Flight Ceater, Grecnbelt, Marylandw

Explorer XIX meacurements of tha intensity of interplanetary protons of
energy greater than 3 Mev provide a method of investigating long-lived solar
plasma streams, On two occasions (27 QOctober and 1 Deceaber 1901) wa obsecrved
an increase of the intensity of these particles. The increcases were unaccon-
panied by a solar flare but occurred at the beginning of a magnetlc storm and
Forbush decrease near the time of central meridian passage of a region re-
sponsible for a flare and a solar proton event during the praovious solar
rotation. These increases were very small and probably could not have been
detected with riometers. Chapman and ?errarol have shown that a stream of
neutral plasma emitted from the sun could cause magnctic storms. The re-
currence of small magnetic storms over many 27-day cycles of solar rotation
led Bartelsz to postulate that such streams were continuously cmitted from
long-1lived regions on the sun wihich he called M reglons., Recent lariner IT
measuremcnt33 have showm the existence of solar plesma with a 27-day structure.
Lizonetic fields carried by solar plasma are thought to be responsible fox
Foobush decreases of cosmic ray intensity which often occur during magnetic
storms. Although no direct measurements of such streams have been made on
Explorer XII by our detectors, the Intensity increases of these > 3 Mev
protons rcequire streams of plasma and magnetic fields to carry the protons e
from the vicinity of the sun or to accelerate them locally or to trap inter-
planetary solar protons reamaining fr;m a ércvious solar eveat. Ve feel
that the prcsence of protons of a few Mev in the plasma does rot imply

that they ere an intrinsic feature of the placma but rather thof it
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is a consccuence of latcat tranping recions in the plasma boing Filled

P

with solar protons from a preoceding event,

The instruments on Explorer XIX, designed to study galactic and solar
cosulc rays, have been describeda. Tie mezgurenents reported here were
nade while the satellite was outside the magnctosphere on the sun-lit gide
of tne earth.

Figure 1 shous the intensity of interplanctary protons of energy
greater tham 3 tov, wviecacver it was above the quict-£ime vaiue, from 30
Septcmber to 28 Qctober 1261, A class 3 colar flaore on 28 September 1961
initizted a solar proton cvcnté. Two doys lster, lonj 2ii.. the solar

sed through a maxirmman, there was an inczroezse to a

<o
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proton intensity had pa

™, At

level about 10 timca greater than that of the solar pro;on main
the same time there was a seriles of goophysical disturbances (dncluding
a magnetic storm with a sudden commencement and a mid-latitude zuroral
display) and a Forbush decrease of relativistic protoms obacrvcd both by
Explorer %II and by ncutron monitors. Trese events indicated the asrival
6f 2 stream of eoler plaswa carrying a magnetie field, The enhanced protoﬁ
intensity and the geophysical disturbances had subsided by about 7 Getober.
Tae proton intensity remained at its normal quiet-tima value from 7 October
untll 27 October when thefe was again an increase in the protoa intensity
accompanied by a Forbush decresse and geomagnetic storms, (Table 1
swrazrizes these events.)

The intensity increasse on 27 Cctober 1s unliké a solar proton event:
it is not immadiately preceded by a solar disturbance and the time constants

of rise and decay are only a few hours. Further, the arrival times are not

Avaabie-to-NASA-Bffices—and
NASA-Centers—tnty—




a function of proton velocity since the shapes of the differential kinetic
cnergy spectra at omnset and at maximum Intensity are nearly the ceme, both
having a power-law exponent between -4 and «5 in the range 3 to 10 Mev, Ve
suggest that the active region of the sun responsibla for tho 28 September
flarelwas the origin of a long-lived plasma stream that we encountered on

27 October, a full rotation of the sun after 30 September. If the continuous
enission of this long-lived stream began during the active life of the reéion
either on or before 28 September, the >3 Mev proton intensity increase on

30 September was also caused by an encounter with that stream, but to ascribe
the 30 Scptember and 27 October proton increases to an identical phenomenon
may be an over~simplification, since the earlier event may have been a résult
of a different and transient phenomenon (such as the shock wave postulated by
Parker5 or the magnetic bottle postulated by Golde) caused by the solar activity
of 23 September, During the rotation of the sun following Cctobet 27, the
reglon stopped emitting plasma csince neither our records nor geophysical obser-
vations show an event 27 days later in November.

It seems likely that our obscrvations of 27 October are closely related
to the phenomenon of R-rays as proposed by Mﬁstel7'8. Mustel considers
R-rays which are thin and filamentary extenslons of the outer corona above
activity centers to be responsible for recurrent magnetic etorms. TFigure 2
is a8 schematic drawing made by Mustel showing these R-rays. The fine
structure in the proton intensity increase on 27 October may have been a
direct consecquence of the filamentary structure of the rays.

The se;ond of the two events we wish to mention occurred on 1 December
1961, It is similar to that of 27 October and the relevant sequence of events

is also outlined in Table 1. On 10 November 1961 a flare accompanied by



-40

type IV emission occurred on the extreme west limb of the sun and initilated
a solar proton event which was observed by Explorer XII. No magnetic storm,
Forbush decrease or » 3 Mev proton increase was seen after the usual one-to
th;ee-day plasma transit time from the sun to the earth. Three weeks 1atér
on 1 December 1961, after 3/4 of a solar rotation, there was a Forbush decrease,
a magnetic storm and a > 3 Mev proton event similar to that of 27 October
indicating the arrival of a solar plasma stream. The occurrence of the event
of 1 December closely coincided with the central meridian passage of the
active region which produced the flare on 10’%bvember. This event again
substantiates the picture of a long-lived plasma stream emanating from an
active region of the sun but in this case the timing was different owing to
the different position of the parent flare on the sun.

There is another occurrence which could be the same phenomenon. On 7
September 1961 a solar proton event having an anomalously slow intensity decay
was observed by Explorer XII, the details of which will be reported in a later
paper. There was no observation at that time of a large flare or of Type IV
emission which can definitely be associated with this event and thcre was no
geophysical disturbance two days later. Eleven days later on 18 September
there was a small increase of the intensity of 7 3 Mev protons similar in
spectrum to those of 27 October and 1 Dececmber and unaccompanied by a flare.
We speculate from these observations that the flare responsible for the solar
proton event of 7 September occurred on the remote side of the sun and that
the increase on 18 September was the same phenomenon as that observed on 27

October and 1 December,



TABLE 1

Solar Flare: (class 3 or 3+)
Time: 2202 UT, 28 September 1961
Type IV Radio Emission 2214 UT
Location:-15% N, 29° E

Solar Flare:

(class > 1)

Time: 1435 UT, 10 November 1961
Type IV Radio Emission 1440 UT
Location: 19° N, = 90°W

Forbush Decrease:
Duration: 30 Sept. to = 5 Oct.
Maxirum Amplitude:

Explorer XII: 8%

Deep River: 5%

Gecmagnetic Storm:

Duration: 30 Sept. to ¥~ 6 Oct.
SC: 2108 UT, 30 September

Main Phase: 170 gamma

2> 3 Mev Protons at Explorer XII:
Onset Time: 1930 UT, 30 September
Max, Intensity: 2 x 107//m? s st

(No effects of two days delay)

Recurrence Phenomena Asgoclated with Above Events

Forbush Decrcase:
Duration: 23 Oct. to = 1 Nov.
Maximum Amplitude:

Explorer XII: 3%

Deep River; 2%

Geomaonetic Storms:

Duration: 206 to 27 October

SC: 1940 UT 26 October

Main Fhaase: 70 gamma
Duration: 23 Oct. to =< 1 Nov.
sC: 0320 UT, 28 October

Main Phase: 280 gamma

> 3 Mov Protons at Explorer XIX:
Onzet Time: between 26 and 27 Oct.

Max. Intensity: 2 x 105/m? s st

Forbush Decrcase:
Duration: 1 Dec. to == &4 Dec.
Maximum Amplitude:

Explorer XII: 8%

Deep River: 4%

Geomagnetic Storm:
Duration: 1 Dec. to == 4 Dec.

Main Phase: 145 gawma

> 3 Mav Protons at Explorer XII:
Onset time: before 0300 U'r5 12Dcc.
Max. Intensity: > 1.6 x 107/m“ s st




FIGURE CAPTIONS

Fig. 1. Intensity of > 3 Mev protons between 30 September and 28 October
1961: (Note that the time scales before and after the period
during which the intensity remained at a quietetime value are
different).

Fig. 2. Schematic drawing of R-rays after Mﬁstels.
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